Flunitrazepam was studied as an induction agent in paediatric patients. The onset of action was slow and its efficacy uncertain following single doses of 0.03 mg kg" 1 (n -4), or 0.04 mg kg" 1 (n = 6) i.v. Long-lasting sedative effects were observed following operation. A strong anterograde but not retrograde nmnr«ir effect was obtained, and a possible analgesic sparing property. Flunitrazepam has a faster and more extensive tissue distribution and a more rapid elimination (half-life about 12 h) in children thpn in adults.
were used to reverse the neuromuscular blockade. Anaesthesia lasted for 0.75-3.0 h (mean 1.62h). Systolic and diastolic arterial pressures and heart rate were recorded frequently before and during anaesthesia (at 3 -5-min intervals) and in the recovery room (at 5-10-min intervals). The degree of postoperative sedation was determined by an anaesthetist (E.I.) 5, 30, 60 and 90min after the end of anaesthesia (asleep, very sedated, moderately sedated, alert). On the day following the operation the patients were questioned by the anaesthetist as to their memory for being taken to the operating theatre, the induction of anaesthesia, recovery from anaesthesia, time spent in the recovery room, return to the ward, or the evening of the day of operation at the ward. The use of analgesics after operation was recorded. In addition, the possible retrograde amnesic effect of flunitrazepam was assessed. Just before the induction of anaesthesia the patients were shown two pictures (a horse and a car). On the first day after operation these two pictures were mixed with eight others (presenting four different flowers, and four different butterflies) and the patients were asked to recognize the two pictures shown to them before anaesthesia. Serum concentrations of flunitrazepam were determined according to Kangas (1977) and the pnarmacokinetic parameters for the agent calculated as described previously (Kanto et al.,1981) .
RESULTS
Flunitrazepam was found to be an unsatisfactory induction agent for general anaesthesia in children. After the 0.03mgkg" 1 i.v. dose, the eyes closed spontaneously in 40, 50 and 70s in three of four patients, and the palpebral reflex disappeared in 55, 90 and 180 s. However, all three reopened their eyes, and were given thiopentone 25-50 mg to deepen anaesthesia. The fourth patient, who received flunitrazepam 0.03 mg kg" 1 i.v., did not close his eyes at all until 5 min after administration, and he then received thiopentone 50 mg. In two of the six patients receiving flunitrazepam 0.04mgkg" 1 i.v. did not fall asleep until 5 min after administration, and they were given additional thiopentone 2 5 -50 mg. Three of these four patients began to cry before the injection of thiopentone.
Good cardiovascular stability was observed during and after anaesthesia. Immediately afterwards, two patients vomited, one complained of nausea and hypoventilation lasting 30 min was noted in one patient (flunitrazepam 0.04 mg kg" 1 i.v.). In general, the patients were over sedated in the recovery room for up to 90 min. The four patients who had received flunitrazepam 0.03mgkg" 1 i.v. were either asleep (n = 2), or very sedated (n = 2) for up to 60 min after the end of anaesthesia. At 90 min the anaesthetist's assessment was: asleep (n=l), moderately sedated (ft = 2), alert (n= 1). Three of the six patients receiving flunitrazepam 0.04mgkg" 1 i.v. were asleep in the recovery room for up to 30 min, very sedated at 60 min, and moderately sedated at 90 min. The remainder were either moderately sedated (n = 2), or alert (n = 1) although they had experienced the longest anaesthetics (2.1, 2.5 and 3 h). The nursing staff in the recovery room and in the ward considered the patients over sedated and this required more nursing supervision. Surprisingly, five of 10 patients did not need any analgesia after operation, and the other five patients only required analgesia at 60 min, 90min, 5.5h,6h and 7 h after anaesthesia.
No retrograde amnesia was observed: all the patients remembered the two pictures the following day, and they all remembered being taken to the operating theatre. However, strong anterograde amnesia was reported. No patient had any recollection of the induction of anaesthesia or of the subsequent awakening, and only one patient remembered the period in the recovery room. Three had no recollection of returning to the ward, but all remembered being in the ward on the evening of the day of operation. The youngest patient (3yr), however, was not able to report this drug effect very reliably.
The serum concentrations of flunitrazepam are presented in figure 1 and the pharmacokinetic parameters derived from these are shown in table I. There was no correlation between any of these parameters and the observations obtained during the induction and maintenance of anaesthesia, or in the period after operation. The sole finding was that the three patients with the lowest degree of postoperative sedation woke up from anaesthesia during the flunitrazepam elimination phase when there were no longer any great alterations in the serum concentrations.
DISCUSSION
Our results suggest that flunitrazepam is not an ideal agent with which to induce anaesthesia in children. It produces marked anterograde but no retrograde, amnesia, and may have some analgesic sparing effect following operation. The pharmacokinetics of this nitrobenzodiazepine derivative in children differ substantially from those obtained in adults.
Although the age range of our patients was wide (3 -10 yr) and the type of operation varied, there was no clear age dependency in the pharmacodynamic drug action of flunitrazepam as an induction agent, nor in its pharmacokinetics.
The main disadvantages of flunitrazepam as an induction agent were its slow and varying onset of action, and the long lasting postoperative sedation. The latter property clearly increased the nursing time both in the recovery room and in the ward in comparison with that required by patients given thiopentone. Thus, flunitrazepam, like other benzodiazepine derivatives, is a basic hypnotic compound rather than an orthodox induction agent (Dundee, 1979a, b; Kanto and Klotz, 1982 ). It appears to be more useful when used as an adjuvant to general or local anaesthesia (Dundee et al., 1976) .
The assessment of retrograde amnesia in this study might have been too simple for the older children. However, a more complicated test would be unsatisfactory in the younger ones. No retrograde amnesic effect was obtained, but the marked anterograde amnesia associated with flunitrazepam in children seems to equal that observed in adult (Dundee et al., 1976; Korttila and Linnoila, 1976; George and Dundee, 1977) and elderly (HoviViander et al., 1982) patients. However, this effect is not always desirable since the loss of self-control may be alarming for some patients (Conner et al., 1978) . Consequently, these problems should be discussed with patients, especially with the more grown-up children, during the preoperative visit (Kanto and Klotz, 1982) .
The analgesic sparing effect of flunitrazepam has also been reported in earlier studies (Manila et al., 1979; Hovi-Viander et al., 1982) . It is possible that our patients were so sleepy and amnesic that they were unable to ask for analgesics. However, they had undergone various surgical procedures such as herniorrhaphy (n=l), orchidopexy (n= 1), osteofixation (n = 2), ureteroplasty (n = 1), coxal osteotomy (n = 2) and circumcision (n = 3) and generally, after thiopentone-induced anaesthesia, opiates are required in the period after operation.
In children, the pharmacokinetics of flunitrazepam appear to differ greatly from those determined in adult patients (Kanto et al., 1981; HoviViander et al., 1982; Kangas, Kanto and Pakkanen, 1982) . The half-life of the elimination phase varies in adults from 23 to 29 h, and the respective volume of distribution between 3.57 and 6.58 litre kg" 1 . In this study, the half-life of the elimination phase was about 12 h, although the respective distribution volume was greater than that in adults (about 9-12 litre kg" 1 )-Thus, the shorter elimination phase half-life observed in children was caused by a total clearance value (approximately 8-12 ml min" 1 kg" 1 ) much greater than that in adult subjects (0.165 litre h" 1 kg" 1 or 106-135 ml min" 1 ) (Kanto et al., 1981; Hovi-Viander et al., 1982; Kangas, Kanto and Pakkanen, 1982) . This is in agreement with the fact that the metabolism of drugs is generally enhanced in children compared with adults (Morselli, Franco-Morselli and Bossi 1980) . 
